Two major goals of regenerative medicine are to reproducibly transform adult somatic cells into a pluripotent state and to control their differentiation into specific cell fates. Progress toward these goals would be greatly helped by obtaining a complete picture of the RNA isoforms produced by these cells due to alternative splicing (AS) and alternative promoter selection (APS). To investigate the roles of AS and APS, reciprocal exon-exon junctions were interrogated on a genome-wide scale in differentiating mouse embryonic stem (ES) cells with a prototype Affymetrix microarray. Using a recently released open-source software package named AltAnalyze, we identified 144 genes for 170 putative isoform variants, the majority (67%) of which were predicted to alter protein sequence and domain composition. Verified alternative exons were largely associated with pathways of Wnt signaling and cell-cycle control, and most were conserved between mouse and human. To examine the functional impact of AS, we characterized isoforms for two genes. As predicted by AltAnalyze, we found that alternative isoforms of the gene Serca2 were targeted by distinct microRNAs (miRNA-200b, miRNA-214), suggesting a critical role for AS in cardiac development. Analysis of the Wnt transcription factor Tcf3, using selective knockdown of an ES cell-enriched and characterized isoform, revealed several distinct targets for transcriptional repression (Stmn2, Ccnd2, Atf3, Klf4, Nodal, and Jun) as well as distinct differentiation outcomes in ES cells. The findings herein illustrate a critical role for AS in the specification of ES cells with differentiation, and highlight the utility of global functional analyses of AS.
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AltAnalyze | microRNA | splice isoforms | Atp2a2 | Tcf7l1 E mbryonic stem (ES) cells are a vital tool for studying the regulation of early embryonic propagation and cell-fate decisions. Research in this area has led to the development of new technologies for adult somatic cell reprogramming and insights into the steps required for lineage commitment (1, 2) . Several factors critical for the self-renewal of pluripotent cells have been identified in both conventional biochemical screens and genome-wide expression analyses. These include the transcription factors Oct4, Sox2, and Nanog, which interact with a common set of promoters to promote self-renewal and pluripotency (3) . Recently, Tcf3, a β-catenin-responsive transcription factor, was implicated in this core transcriptional network as a direct transcriptional repressor of Oct4 and Nanog (4, 5) , and is itself a target of these factors (6, 7) .
In higher eukaryotes, alternative splicing (AS) and alternative promoter selection (APS) contribute to proteomic diversity by increasing the number of distinct mRNAs from a single gene locus. In different tissues and cellular states, transcript variation can alter protein interaction networks by removing or inserting protein domains, changing subcellular localization, or regulating gene expression (8) . AS can also remove binding sites for translational repression by microRNAs (miRNAs) (9) . AS and APS appear to increase transcript diversity in ES cells and thus are likely to affect differentiation to distinct tissue lineages (10) (11) (12) (13) . A better understanding of how AS regulates protein diversity and translational repression during ES cell differentiation may provide critical insights into this process.
Results

AS and APS Are Prominent Features of Mouse ES Cell Differentiation.
ES cells and embryoid bodies (EBs) were profiled with a prototype Affymetrix exon-exon junction microarray, which interrogates the mRNAs of ∼7,500 genes and more than 40,000 putative exon-exon junctions. For this study, we developed additional analytical methods for a free open-source program named AltAnalyze (http://www.altanalyze.org/) (13) (SI Materials and Methods). To identify alternative exons (AEs) that might indicate AS or APS, we added a previously described linear regression-based method (14) to AltAnalyze to compare the expression of reciprocal exon-exon junctions (pairs of exon-exon junctions measuring the inclusion of one or more exons). In addition to scoring AEs, this software determines the likelihood of an AE score occurring by chance, assigns protein associations to regulated exon-exon junctions, and identifies functional sequence elements (domains, motifs, and miRNA binding sites) differing between aligning alternate mRNAs and their corresponding proteins (Fig. 1A) (13) .
Using AltAnalyze to analyze ES cell differentiation, we identified 170 unique AEs corresponding to 144 genes of 4,269 expressed genes (Dataset S1). Pathway analysis of these genes with the program GO-Elite (15) , from within AltAnalyze, showed enrichment in Wnt and TGF-β receptor signaling pathways, actin cytoskeleton, lipid transport, muscle contraction, mRNA metabolism, and embryonic development, among others (Table S1) .
Of the 170 AEs, 108 had evidence of AS, and 20 had evidence of APS; the remainder did not associate with a known AS or APS event. The majority of these annotated AS events aligned to pre-dicted cassette exons (68%). When annotated AS and APS events were linked to protein sequences (e.g., by aligning junction pairs to mRNAs), 80 (74%) of the AEs were predicted to affect the protein domain or motif (InterPro/UniProt) composition. For three genes with evidence of AS, multiple putative miRNA binding sites were identified within retained or excluded exons (Serca2, Pdlim7, Eomes), indicating that AS may selectively alter the ability of miRNAs to regulate these proteins. Thus, an analysis of AEs for protein sequence and putative miRNA binding sites highlights a diverse set of putative functional differences.
To determine the relative extent and overall diversity in alternative exon usage, AEs from ES cells during differentiation were compared with a panel of tissue-and cell-remodeling paradigms, using public and in-house collected data. Datasets with previous evidence of large-scale AEs include cardiac vs. brain or skeletal muscle (14) , cardiac atria vs. cardiac ventricle (16, 17) , and Nova2 splicing factor knockout in brain vs. wild-type brain (18) . Because AS and APS are also implicated in distinct cell-remodeling paradigms, we analyzed a time course of myometrial gestational-and cardiomyopathy-induced remodeling (19) (20) (21) (22) . Combined analysis of these datasets with the same AltAnalyze parameters showed a wide range in the number of predicted AEs (Fig. 1B and Dataset S1). Because the AltAnalyze method is limited to genes expressed in both experimental groups, it is not surprising that same or similar tissue comparisons yielded the largest number of AEs (e.g., cerebellum vs. cortex, skeletal vs. heart, term vs. quiescent uterus). Although fewer predicted AEs were found with ES cell differentiation than with other datasets, most of these AEs were unique to ES cell differentiation (Fig. 1C) .
Verified Alternative Exons Are Associated with Pathways of Wnt
Signaling and Cell-Cycle Control. To verify the expression of ES cell differentiation-predicted AEs, we tested 19 AS and four APS genes by RT-PCR (SI Materials and Methods). Except for three AS events, all predicted alternative isoforms were detected (Fig.   S1 ). For 11 AS and three APS events, RT-PCR readily identified the predicted pattern of isoform expression. Analysis of these genes in the context of known interactions revealed a putative signaling network that connects many of these genes to the regulation of self-renewal and differentiation pathways (Fig. 2 ) (4, (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) . These genes include the regulation of the Wnt signaling components Tcf3, Ctnnd1, and Map3k7 and the cell-cycle regulators Mark3, Smarcb1, Mxi1, and Epb4.1.
To further characterize these verified isoform changes, we examined predicted protein domain and motif changes along with isoform expression across multiple adult tissues (Fig. 3 and Fig. S2) . Several of the verified AEs modified or eliminated characterized domains/motifs (e.g., Tcf3) (4), Mxi1 (34), Epb4.1 (35) , thus possibly affecting protein function. Although most isoforms enriched in ES cells were also expressed in other tissues, expression in ES cells was highest for Tcf3, Smarcb1, Map3k7, and Cttnd1 for one of the two regulated isoforms, suggesting these isoforms have a unique role in pluripotency.
Conservation of Detected AS Events Between Mouse and Human. For those splicing events with the largest change in exon inclusion, conservation in human ES cell differentiation was examined using orthologous primer sets (Fig. 4) . Orthologous alternative isoforms were identified for all genes, except for Tcf3, with the most similar changes in isoform abundance occurring for Serca2, Ctnnd1, Dnm1l, Kif13a, Mark3, and Smarcb1.
Serca2a Is Enriched in EBs and Lacks Serca2b Functional miRNA
Binding Sites. Among some of the most intriguing changes predicted by our analysis were the modification of protein domains and the loss of predicted miRNA binding sites due to AS. Among genes with a predicted loss of miRNA binding sites due to AS, Serca2 showed the largest difference in predicted expression between alternative isoforms. Serca2 is a Ca 2+ pump that hydrolyzes ATP during the translocation of calcium from the cytosol to the sarco/endoplasmic reticulum (SR) in muscle cells. RT-PCR and quantitative (q) PCR analysis of this gene confirmed that an isoform of Serca2, with an additional 44 amino acids and a large 3′UTR region (Serca2b), is expressed in both ES cells and EBs, whereas an isoform with a smaller alternative 3′UTR (Serca2a) was predominantly expressed in EBs (Fig. 5A ). Serca2a is the predominant cardiac isoform and is essential for cardiac function (36) . Interestingly, SERCA2b mRNA is more AltAnalyze was used to process array intensities after normalization (expression analysis step), calculate alternative exon scores for reciprocal exon-junction probe sets, annotate these events based on existing mRNA structure annotations (e.g., AS events), and align probe sets to mRNA, protein, and putative functional elements (alternative exon analysis step). These predictions were used for primer design (AltPrimer), RT-PCR validation, and subsequently to reoptimize filtering parameters. highly degraded than that of SERCA2a in vitro (37) , suggesting that the 3′UTR of SERCA2b can inhibit protein expression.
Many miRNA binding-site predictions were found only in the Serca2b 3′UTR and not Serca2a in both mouse and human, with miR-200b, -214, -429, and -30 (a, b, c, e) predicted in both species. Given that miR-200b is highly induced upon cardiac differentiation, as is Serca2a (36, 38, 39) , we attempted to verify direct repression of the Serca2b miR-200b binding site in a miRNA-luciferase reporter assay (Fig. 5B) . Addition of miR-200b specifically repressed the luciferase activity of this reporter, whereas miR-429 (predicted to overlap with the miR-200b binding site) and miR-1 (control) had no effect.
To identify other miRNAs that target Serca2b, we developed an unbiased screen to assess miRNA targeting of this isoform in vitro in human cells. To evaluate SERCA2b repression, cDNAs for GFP and SERCA2b were expressed as single transcript and tested against a library of miRNA mimics ( Fig. 5C and Fig. S3A ). SERCA2b relative florescence was down-regulated (>30%) for 23 miRNAs, eight of which were predicted in our analysis. Among those eight, seven aligned to the 3′UTR region unique to SERCA2b (Fig. 5D ). qPCR analysis of differentiating mouse ES cells revealed that miR-379, -30a, and -214 were up-regulated in EBs, whereas miR-200b was highly expressed in both ES and EBs ( Fig. 5E and Fig. S3B ). Given the relevance of SERCA2 splicing to cardiac development, we compiled a list of genes with cardiac inhibitory or enhancing ability from the literature and determined which miRNAs were predicted to target these genes ( Fig. S3C and SI Materials and Methods). This analysis found that binding sites for miRNAs of the miR-30 family (-30a, -30b, -30c, -30d, -30e) were enriched among inhibitors of cardiac differentiation. Although not overrepresented, binding sites for miR-214 and -200b were also found within several of these inhibitor genes (Fig. S3D) . These data suggest that expression of Serca2 escapes direct repression by miRNAs important for promoting cardiac differentiation, through exon exclusion in differentiated ES cells.
Tcf3(l) Is Enriched in ES Cells and Retains Tcf3(s) Transcriptional
Repression Activity. One of the most intriguing findings from our analysis was the AS of the Wnt signaling transcription factor Tcf3 (TCF7L1 in human). Though Tcf3 regulates the expression of many downstream targets, it is thought to help maintain pluripotency by repressing the transcription of both Nanog and Oct4 (4, 5) . Indeed, ES cells that lack Tcf3 self-renew in the absence of leukemia inhibitory factor (LIF) and cannot give rise to fully differentiated EBs (5, 40) . Though several studies focused on the 
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Hs Mm Hs Mm Mm Hs Mm short form of Tcf3 [Tcf3(s)], our analysis highlights a longer isoform of Tcf3 [Tcf3(l)], enriched in ES cells and down-regulated upon differentiation. The two Tcf3 isoforms detected by our exon-exon junction microarray analysis differ in the inclusion of a 42-bp cassette exon, which encodes an additional 14 amino acids [i.e., Tcf3(l)] that overlap with the Groucho binding domain (41, 42) . The Groucho binding domain is necessary for Tcf3 to repress a Nanog reporter (4) . As shown by RT-PCR and qPCR, Tcf3(l) is up-regulated 2-fold in ES cells vs. EBs, and Tcf3(s) is expressed at roughly equivalent levels (Fig. S4 A and B) . Proteins for both isoforms were detected in ES cells, as were cDNAs encoding each isoform in a Tcf3-null ( −/− ) ES cell line (4) (Fig. 6A ). To assess their ability to regulate the transcription of known targets, the Tcf3 isoforms were transiently expressed in Tcf3 −/− ES cells and assayed for expression of Tcf/Lef-β-catenin transcriptional (TOPFlash) (43) or Nanog promoter-driven luciferase reporter plasmids (4). The isoforms equally inhibited the TOPFlash and Nanog reporters in a concentration-dependent manner (Fig. 6 B and C) . Thus, Tcf3(l) retains transcriptional repressive activity for Tcf/Lef targets and the Nanog promoterdriven luciferase.
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Tcf3(l) Knockdown Preferentially Increases Known and Novel Target
Gene Expression. Given that Tcf3 isoforms show similar activity on episomal promoters, we used RNAi to examine the effects of these isoforms on endogenous promoters. Stable knockdown of Tcf3(s), Tcf3(l), and all Tcf3 isoforms [Tcf3(a)] was achieved in ES cells with the pSicoR-Ef1α-mCh-puro lentiviral construct with isoforms-specific short hairpin RNAs (shRNAs; Fig. 6D ). This strategy yielded up to 90% knockdown (KD) of the targeted isoforms, with minimal or no reduction in the nontargeted isoform in ES cell and EB RNA (Fig. S4C) . When analyzed by Western blot, no Tcf3 protein was detected in Tcf3(a) KD ES cells (Fig. S4D) .
KD of any Tcf3 isoform increased Nanog expression, with maximal up-regulation by Tcf3(a) KD (4-fold), followed by Tcf3 (l) (3.5-fold), and Tcf3(s) (1.8-fold) KD (Fig. 6E) . Interestingly, whereas Oct4 was up-regulated with Tcf3(l) KD (2-fold), Oct4 expression levels were unchanged with either Tcf3(s) or Tcf3(a) KD relative to wild-type ES cells (t test P < 0.05; Fig. 6F ). Although Tcf3(l) KD produced a greater up-regulation of Oct4 and Nanog than Tcf3(s) KD, this effect might be due to the higher expression of Tcf3(l) in undifferentiated ES cells.
To expand the search for differentially responsive Tcf3 transcriptional targets, we examined the expression of a panel of 17 known and 17 novel candidate TCF target genes. Novel Tcf3 target genes were identified as being affected by Tcf3 knockout, KD, induction, and promoter occupancy microarray studies (6, 40, 44) . Of the 34 genes examined, 20 genes were differentially expressed with KD of at least one of Tcf3 isoform (P < 0.05; Fig.  S5 ). Among these differentially expressed genes, six (Atf3, Ccnd2, Jun, Klf4, Nodal, and Stmn2) exhibited a 2-fold or greater difference in expression between Tcf3(s) and Tcf3(l) KD (Fig. 6G) . These patterns of expression persisted throughout ES cell differentiation (Fig. S6A) . These factors are implicated in both the regulation cell-cycle progression and a broad range of developmental pathways (Fig. 2) (30, 32, 33, 45 ). Tcf3 promoter occupancy was previously observed for Atf3, Ccnd2, Jun, Nodal, and Stmn2, as was opposing regulation by Tcf3 knockout and induction for Atf3, Jun, Klf4, and Stmn2 (6, 40, 44) . These data suggest that the two Tcf3 isoforms regulate both an overlapping set as well as distinct sets of target genes.
Delayed Differentiation of Tcf3 Knockdown Lines. Isoform-specific Tcf3 KD lines displayed unique cell-colony morphologies in the presence and absence of LIF (Fig. 7 and Fig. S7 ). With LIF, wildtype E14 ES cells typically distribute into a monolayer when grown on gelatinized culture plates (without mouse feeder cells). Tcf3(a), Tcf3(s), and Tcf3(l) KD ES cells resulted in clustered, rounded colonies when maintained in LIF. When wild-type ES cells were removed from LIF, they displayed a differentiated morphology (cobblestone-like) by day 3 and could not be passaged further, whereas all of the Tcf3-KD lines could be further passaged to day 6 and did not have a predominantly differentiated morphology. In −/− ES cells were transfected with full-length cDNAs for both isoforms expressed under the control of a cytomegalovirus promoter and compared with wild-type ES cells. Expression of Tcf3(s) and Tcf3(l) isoforms resulted in a shift in the detection of Tcf3 protein on a polyacrylamide gel with a Tcf3 antibody common to both isoforms. To assess activity of these isoforms, Tcf3 −/− ES cells were transfected with (B) a Tcf/Lef transcriptional reporter construct (TOPFlash) and a stable form of β-catenin (β-cat) or (C) Nanog promoter reporter, driving luciferase expression, with or without increasing amounts of transfected cDNA for the Tcf3 isoforms. (D) To achieve isoformspecific KD, Tcf3 regions unique to or in common with each isoform were targeted using shRNAs directed against either exon junctions [E3-E4 for all or E4-E5 for Tcf3(s)] or exons [exon E4a for Tcf3(l)]. Quantitative expression levels for (E) Oct4, (F) Nanog, and (G) putative Tcf3 transcriptional targets are reported for undifferentiated wild-type (wt) and isoform-specific Tcf3 KD lines cultured with LIF. Fold induction is relative to wild-type ES cells. Values are mean ± SEM of biological triplicates. An asterisk indicates t test P < 0.05.
addition to confirming that complete loss of Tcf3 allows for LIFindependent ES cell propagation (5, 40) , these data suggest that loss of either Tcf3 isoform enhances self-renewal.
Tcf3 Knockdowns Inhibit Distinct Differentiation Pathways. To assess differentiation outcomes with loss of individual Tcf3 isoforms, wild-type and Tcf3 KD lines were derived for EBs at 1, 3, 6, and 9 d of differentiation. qPCR analysis of the time-course data revealed that Tcf3(s) KD had the most profound overall effect on differentiation marker expression, blunting the expression of most lineage (ectoderm, endoderm, mesoderm) and tissuespecific markers examined ( Fig. 8 and Fig. S6B ). This effect was most similar to Tcf3(a) KD, except for the ectodermal markers Fgf5 and Nestin, the endodermal markers FoxA2 and Sox17, and the osteoblast marker Sp7, which were expressed at similar or greater levels than in wild-type ES cells. Tcf3(l) KD largely did not affect expression of lineage markers, but blunted expression of the examined cardiac and neural markers. These data suggest that Tcf3 isoforms have distinct roles in certain, but not all, lineage pathways.
Discussion
Our study uncovered over 100 putative AS events predicted to differ substantially in ES cells and EBs. These events appear to be unique to ES cell differentiation and occur in genes essential to the maintenance of pluripotency, lineage specification, and cell-cycle progression. In many cases, the predicted AS events appear to affect the putative domain structure of the resulting proteins, suggesting such proteins have a functional role in differentiating ES cells. Analysis of Serca2 confirmed removal of targeted miRNA binding sites upon ES cell differentiation in both a candidate approach and an unbiased screen. One targeted miRNA binding site, miR-200b, is restricted to the cardiac progenitor lineage, where the nontargeted isoform, Serca2a, is also most highly expressed in this cell type (38, 39) . This observation has broad implications for the ability of AS to regulate protein expression, without the need to regulate target gene or miRNA transcription. In the case of Tcf3, although selective expression of Tcf3 isoforms similarly limited self-renewal of ES cells, a handful of transcriptional targets were regulated by one but not both isoforms. Interestingly, these target genes are associated with a broad range of self-renewal and differentiation pathways, raising the interesting hypothesis that isoform-specific regulation of these targets affects distinct lineage commitment decisions. Further analysis of Tcf3 isoforms will be critical to determine how these isoforms interact differently with target promoters and binding partners, and in which cells they are restricted to during lineage commitment. Our analysis shows multiple strategies for identifying and validating functionally relevant splicing changes in vitro. Although only a minority of AS events may impact self-renewal or pluripotency, analysis with AltAnalyze should highlight changes in isoform expression most likely to affect protein composition and expression. As whole-genome exon, junction, and RNA sequencing data become the standard method for expression analysis, we anticipate that these methods will become increasingly important to score for AS and predict the potential impact on protein composition and expression.
Materials and Methods
Tissue Isolation and Sample Preparation. Mouse E14 ES cells were grown in monolayer on gelatin-coated culture plates, maintained in medium supplemented with 10% FBS, sodium pyruvate, nonessential amino acids, β-mercaptoethanol, and LIF, and passaged with trypsin. EBs were derived by the hanging-drop method as described (39) in 20% FBS to enrich for the mesoderm lineage. For the microarray analyses, EBs were allowed to differentiate for 14 d. Isolated mouse (FVB/N) tissues consisted of age-matched adult cardiac atria and ventricle, myometrium from adult virgin, 14.5 d (quiescent), 18.5 d (term) gestation, and 6 h postpartum (46) , and mouse adult cardiac ventricles from a model of dilated cardiomyopathy (47) and singletransgenic α-myosin heavy chain promoter-tetracycline transactivator controls. Affymetrix CEL files from a published tissue compendium (14) and Nova2 knockout (18) dataset were also included. Total RNA was isolated from cell cultures or snap-frozen tissues, in biological triplicates or greater, using TRIzol extraction and purified with the Qiagen RNA Purification Kit. The AltMouse A microarray design, sample preparation, and hybridization protocol have been described (14) . Microarray data were deposited at the NCBI Gene Expression Omnibus (GEO) database (accession no. GSE17021). Additional details on alternative exon analyses are provided in SI Materials and Methods.
miRNA Targeting and Expression of Serca2 Isoforms. To assess miRNA repression of SERCA2b, we prepared a DNA construct that transcribes SERCA2b and GFP in a single transcript. This construct was derived by substituting the CMV promoter of the Clontech pDsRed-N1 vector with the PGK promoter driving the expression of eGFP and replacing the DsRed sequence with human SERCA2b full-length cDNA (BC035588). The SERCA2b construct was transfected into HEK-293 cells (300 ng per well) in the presence of siRNAs for phospholamban (negative control), SERCA2 (positive control), or mimics for each miRNA of the Pre-miR miRNA Precursor Library-Human V2 (Ambion) at a concentration of 10 nM. Transfections were performed in duplicates, and fluorescence was quantified using an automated fluorescent microscope (InCell Analyzer 1000; Amersham Biosciences) and a custom algorithm (48) . miRNA binding sites identified in the screen were bioinformatically predicted using annotations from AltAnalyze, sequence alignment, and RNA22 (50 pmoles) from Dharmacon, and luciferase activity was measured after a 24-h incubation. Repression of the pMIR-reporters was measured by normalizing luciferase to Renilla activity.
Isoform-Specific Expression/shRNA in Mouse ES Cells. Stable isoform-specific KD of Tcf3 alternatively spliced isoforms were obtained in E14 ES cells with sequence-specific shRNAs, delivered by lentiviral infection. Three 19-mer shRNAs were designed to target Tcf3(l) (GGATGGTGCCTCCCACATT), Tcf3(s) (CCAGCA-CACTTGTCCAACA), anda constitutive regionofTcf3(GCACCTACCTACAGATGAA) by selecting overlapping predictions from the program PSICOLIGOMAKER 1.5 (http://web.mit.edu/jacks-lab/protocols/pSico.html) and the Broad Institute mouse hairpin library (http://www.broadinstitute.org/rnai/trc/lib). The pSicoREf1α-mCh-Puro lentiviral construct was created by replacing the CMV promoter of pSicoR-mCherry with Ef1α and adding a T2A-puromycin-resistance gene cassette following mCherry (49) . Isoform-specific shRNAs were ligated into the pSicoREf1α-mCh-puro construct and cotransfected with the viral packaging plasmids pMDLgpRRE, pRSV_Rev, and pVSV-G (Clontech) into HEK293 cells with FuGENE6 (Roche) as described (49) . Harvested supernatant from viral-producing HEK293 cells was filtered through a 0.45-μm filter, and 100 μL incubated with 200,000 ES cells on rotator for 3 h. Cells were plated onto gelatinized tissue-culture plates, grown under feeder-free conditions in the presence of LIF, and selected for puromycin-resistant colonies for at least 5 d. Clonal populations of mCherryexpressing ES cells were screened with isoform-specific qPCR primers to select for clones with optimal isoform-specific KD. cDNAs for both the two Tcf3 isoforms were also expressed in Tcf3 −/− ES cells on 129/Sv background (GS1) by electroporation or transfection of a linearized pCDNA3-Tcf3(s) (pBM58) (4) or pCDNA3-Tcf3(l) constructs. The pCDNA3-Tcf3(l) construct was obtained by removal of a 670-bp fragment by Kpn1-Pml1 (NEB) digestion of pBM58 and insertion of the corresponding 712-bp ES cell RT-PCR fragment from Tcf3(l).
